AD=AO74 773 METEOROLOGY INTERNATIONAL INC MONTEREY CALIF F/6 4/2
DEVELOPMENT OF A SYNOPTIC CLIMATOLOGY OF TROPOSPHERIC REFRACTIVe=ETC(U)
SEP 77 M J CUMINGs» F G CATON) P P KALINYAK Noozza-vs-c-aw;
UNCLASSIFIED MII-M=226 NEPRF=TR=77=06

END
DATE
FILMED
=79
DOC




ﬁ

"m—' 0 Bk ks
= L M

TR F
ng llLs

25 e e

I i e




I EV[lﬁ NEPRF TR 77-06 4

Project M-226 FINAL REPORT
September 1977

DEVELOPMENT OF A SYNOPTIC CLIMATOLOGY
OF TROPOSPHERIC REFRACTIVE CONDITIONS
FOR THE EASTERN PACIFIC OCEAN
OFF THE WEST COAST OF THE UNITED STATES

Task Three: The Assessment of Refractive
Structures from Typical
Synoptic Patterns

by
Michael J. Cuming

Francis G. Caton
Paul P. Kalinyak

Performed for:

The COmmanding Officer
Naval Environmental Prediction Research Facility
Monterey, California 93940 D D C

Performed under Contract No. N00228-76-C-3139

METEOROLOGY INTERNATIONAL INCORPORATED

Monterey, California 93940




B e e et o SIS

TR-11-44 ,

‘ UNCLASSIFIED
h SECURITY CLASSIFICATION OF TwtS PAGE (™hen Dere Entered) u e -
REPORT DOCUMENTATION PAGE .,,'5'.‘.‘,%'::;:2%’8":0..

- A_Ai_gm.‘...‘_n.;m.mJ

NUN

;echmcal Report 77-06 /

2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

MATOLOGY O
é\YDI'Y'IONS ’:"O
- \c

ree eAs essment (o}
ical tic Patterns o™

'\'Tl'

s T N

B’p%%%‘ﬁ?%ég%ﬁ%%%m

e N OFF,;!
ATE k |
fra .1 e / res fron@

$. TYPE OF RE~ HAT & PEMOD COVERED

o. PERFORMING CRG. REPO

M-226

T NUMBER

8. CONTRACT OR GRANT nuuinm

205 Montecito Avenue
Monterey, California 93940

Francis G./Caton
Paul P./Kalinyak
D ’(R'

Meteorology International Incorporated |-

T

@Si&\l)é;/zzs 76=C-3139

10. PQOGRAH ELEMENT, PROJECT, TaSK
A 8 WORK UNIT NUMBERS

)¢

11. CONTROLLING OFFICE NAME AND ADDRESS

5‘!-.!.!!9,!1.9.‘!! s

Commander, Naval Air Systems Command , SeptEmNINER77
Department of the Navy T Y v w— |
Washington, D. C. 20361 82

ITT uon TORING AGENCY NAME & ADORESS(!/ different frem Cantrelling Office) | 15. SECURITY CLASS. (of this report)
Naval Environmental Prediction Research Facility UNCLASSIFIED

Monterey, CA 93940 ‘mAssuncnuon/oovuanomo i
SCHEDULE 3

s e e e D A e
16. DISTRIBUTION STATEMENT (of thie Repert)

L) 4
Approved for public release: distribution unlimited. L

l‘f Mﬁ-l’l—ﬁ,,é L} Fi mml Fephy

18 SUPPLEMENTARY NOTES

ty by bleck number)
Climatology
Synoptic Patterns
Synoptic Parameters

19. XCY WORDS (Ceontinve en reveree side I
Refractive Index
Eastern Pacific Ocean
Pattern Characteristics

20 A@C? (Centinue en reverse oide If necossary and identify by block mamber)
The work required to develop a synoptic climatology of refractive conditions

which significantly affect the tropospheric propagation of electromagnetic waves
off the west coast of the United States is to be carried out under three tasks.
This Report, for Task Three, describes methods and techniques developed and
utilized by associating synoptic patterns and synoptlc parameters with refractive
conditions for the area 29°N-51°N, 120%w-140"W. -

L

PRI
Aeg LR o EaTion 67 Funt P as T IRe: Bore Forovet i

o'y 1473 toimiow of 1 wov 6813 oesOLETE s UNCLASSIFIED
. "

0o ,




TABLE OF CONTENTS

INTRODUCTIONonnnnc-‘o---.---.--aoo

THE DATA BASE OF REFRACTIVE CONDITIONS . . .. . . .
2.1 Introduction | c i cii s @ e e e s e
2.2 The Data Base of Upper=-Air Soundings . . « « « . .

2.3 The Classification of Refractive Profiles by
Continuous PELAMELEIS ¢ o « « s o o s s o o s o » o

2.4 The Data Baseof S and DValues. . . . « ¢« . . .

THE DATA BASE OF SYNOPTICANALYSES « « v « & o « ¢ o

Jl Scale-and-Pattern Spectra Decompositions ., . . . .

3.2 The Available Data Base of Synoptic Analyses

THE RAPID ANALOGUE SELECTION SYSTEM . v v v s « & &
4.1 Introduction..........:.........
4,2 Basic Concepta Of RASS « « « v « v s ¢ 5 & s 4 & «
4.3 Construction of the RASS Data Base for Zones 1-5.
4.4 Assessment of the RASS Capability to Compare and
Score Synoptic Patterns « ¢ « ¢« s o ¢ o o 6 s ¢ «
THE DEPENDENCE OF REFRACTIVE STRUCTURE ON THE
PREVAILING SYNOPTIC SITUATION ¢ & s « v ¢ ¢ ¢ o o ¢ s s
5.1 IBEEOAUEEION . v & v ¥ s v s 6 v b s e e
5.2 Synoptic Types and Refractive Structure . . . . . .
9.3 Discussio O REIUIES v v v o s v 5 ¢ % 5 4 % 5 o
THE DEPENDENCE OF REFRACTIVE STRUCTURE ON
CONCURRENT SYNOPTIC PARAMETERS « « « ¢ ¢ ¢ ¢ + ¢« « &
6.1 INPOBUCEION o v ¢ ¢« ¢ ¢ 6 ¢ ¢ ¢ ¢ v ¢ 6 & 5 o v v u
6.2 MOIOG s o o v+ s v s s s 4 1w v & 8 89 o 8 5 ¢ v

10
10
11

12
12
12
14

16

23
23
24
44

49
43
52




£
L
Page
¥
6.3 R U e e v T e eIy i o= e TR s ST e 53
6.3.1 The Dependence of Parameter D on
Contonr HeIght, | < s 65 as o a8 5 & 3 s 53
6.3.2 The Dependence of Parameter D on
- Wind Speed and Direction . « « « « ¢« ¢« « « & el 57
6.4 Discussion of RESUIES & | ¢ .4 & 5 & & o & 5 4 o 5 % 8 79
7. CONCLUSIONS AND RECOMMENDATIONS . & ¢ ¢ ¢ ¢ v o v o o » 81

8. R RN B e e e r s v ks s w B

Accession For
LTIS GRA&I
DC TAB
nnounced
tification___

A\.-(“r'.\]ps r_‘ ‘\ ;“
Land/ox Dd,‘. E. ‘ !
vpecial ) 0CT 5 1979 g,‘ a
l
A - i
S,

-jy=




l. INTRODUCTION

The Naval Environmenta! Prediction Research Facility (NEPRF) has
collected a data base of upper=-air soundings recorded by radar picket ships
off the west coast of the United States; the data base relates to the period
October 1956 through June 1965, and to the area 29°-51°N, 120°-140°W.
Under the terms of Contract No. N00228-76-C-3139, this data base was to
be used to develop a synoptic climatology of tropospheric refractive
conditions for that area, and to establish a more genera! capability for

assessing refractive structures from synoptic patterns.

Technical Report No. TR 2-77 (MII) dated April 1977 [1] presents
the monthly climatologies of refractive conditions developed in accordance
with Task One of the contract, together with measures of the persistence
and transition probabilities developed in accordance with Task Two. The
development of the capability for assessing refractive structures from
typical synoptic patterns, addressed by Task Three of the contract, is the
subject of this Technical Report.

Sections 2 and 3 provide a brief account of the data bases of refractive
structure and synoptic patterns available for this study. Section 4 describes
in outline the techniques utilized for matching patterns and includes a
demonstration of the effectiveness of the system even when applied to
small-scale synoptic disturbances. Section § presents the results of
utilizing this synoptic-pattern matching capability in conjunction with the
data bases in order to select synoptic situations having a high probability
of trapping. NoO such "typical" situations could be found and it is concluded
that the space and time resolutions provided by the two data bases--particularly
that of refractive structure~-are insufficient to allow any relationship to be
established even though the capability for doing so now exists. An alternative

approach was therefore made, establishing statistica! relationships between
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refractive structure and synoptic parameters such as contour height and wind
speed and direction. The results obtained are given in Section 6 and it is
concluded that such techniques are capable of providing operationally

significant information and are worthy of further study.




2. THE DATA BASE OF REFRACTIVE CONDITIONS

"

ol Introduction

Technical Report No. TR 2-77 (MII) discusses in detail the data base
of upper-air soundings available for Tasks 1, 2 and 3. A brief review of
this data base is given in Section 2.2 below. Similarly, Section 2.3 briefly
recounts the technique developed during the performance of Tasks 1 and 2

for the classification of refractive profiles by continuous parameters.,

2.2 The Data Base of Upper=-Air Soundings

After the elimination of duplicates and demonstratably erroneous
reports, there remained 6922 upper-air soundings recorded by radar picket
ships during the period October 1956 through June 1965 within the area
29°-51°N, 120°-140°W. The geographical distribution of these soundings
is shown in Fig. 1. In order to detect latitudinal variations of refraction
conditions (a requirement of Tasks 1 and 2), the profiles in the data base
were separated into latitude zones. The demarcation latitudes selected
(29.0°N, 34.5°N, 37.5°N, 41.0°N) are shown on Fig. 1; the number of

profiles recorded in each latitude zone is given along the ordinate.

2.3 The Classification of Refractive Profiles bv Continuous Parameters

Parameter S has been designed to be a measure of the strength of
surface ducting, or, if no surface duct exists, to be a measure of the

proximity to surface ducting.
The definition of parameter S is

i
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where vr & is the surface value of the modified speed profile, vr , and v

‘ .-

is the maximum value in the profile above the surface. H, is a specified

scaling height. The extension of the definition in the base of no surface

duce, i.e., if vr i is the maximum speed in the profile, is given by

'

107 vri " Veo
3 = L - : where v < v (2)
G r.i r,o

and 1’-1’1 is the height of level 1. This extension gives a measure of the
proximity of the profile tc a surface duct situation. This negative extension
of S is not necessarily related to the bottom layer defined by the first
reported level (i = 1) above the surface; the maximum may occur for i =2

or higher.

The total tropospheric ducting parameter D is similar to S except
that it need not be surface based:

v
D'—g—(v.-v_> , Pprovided v . >v and j > { . (3)
¢ % gl .} r.d
max

For no ducting:

7/v - v
) o R 10 ( L ui) : where v . < v . . (4)

- ' Pyl
-~ Hj H1 o t.}

Table ! shows the relationships between various measures of
refractivity, including the S and D parameters, together with the terminology

used for referring to discrete categories of refractive conditions.




Relationship between values of the S

Table 1

and cther standard measures of refractivity

and D parameters

Vertical

Derivative/

Parameter

7 dv
¢ dH

10 dv
¢ dH

Trapping/Ducting

Super-Refraction

Strong

te—> 0.

le—> 0.

Moderate

794> 0.40«>

794> 0.40<«>

0 <> -0.40w-0.

57 «———— 0.

.40«>-0,

79 @»=1.57 «—>

.79 <>

.79 <> 1.574—;—‘

Sub-
Re-
ifraction

7% = -

7%«

79«>» O
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The § and D parameters, calculated in accordance with Egs. (1)
through (4), are a measure of the mos: positive leas: negative values. As
A consequence no values of § and D corresponding to sub-refractive

conditions were ever observed.

Every profile provides a value for $ and a value for D. Because
D is determined from the whole profile, whereas S is only appiicable to
the surface, the values of S and D will coincide if the base of the mos?
positive/least negative laver is at the earth's surface. However, if this

laver is aloft, then the profile will give different values for 3 anéd D
v

- - .

2.4 The Da:a Base of 3 and D Values

Values of the S and D parameters were calculated for each of the
8322 profiles in the data base of upper-air soundings. This derived data
base of S and D parameters has been used in the performance of all three

Tasks of the current proiject.

Investigation of the relationships between refractive structure \as
measured by S and D) and the synoptic patterns prevailing at the time the
profile was recorded required, of course, a correspondence between the
data base of profiles and the data base of synoptic analyses=--only those
profiles could be used for which the corresponding-in-time syneoptic
analysis was available. This requirement reduced the number of usable
profiles (for certain aspects of Task 3) from 6922 o about 4320.

-~

Figures 2 and 3 show values of the S and D parameters in each of
the § latitude zones for two yvears selected from the total period (October 1956
to June 1363); only those values are given for which corresponding synoptic
analyses are available. Tigure 2 (1960) shows the "best" vear of data
coverage, whereas Fig. 3 (1963) shows a "typical" yvear. The obvious
limitations of the available data base are discussed in the Sections for which

these limitations are significant.
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3. THE DATA BASE OF SYNOPTIC ANALYSES

3l Scale-and-Pattarn Spectra Decompositions

Two of the fundamental concepts in the |

flelds are those of Pattern and scale. In 1963, MII develored an Jbjective

technique (2] for separating any geophysical ¢

fleld into recognizable patterns,
or features, evident in the field, so that their relative contributions to the

total can be quantitatively represented.

Using the 500~mb field (HT) as an example, this may be decomposed
{nto additive component ranges-of-scale expressed by:

HI = 8B + SR
= 8D + SL *+ gy

where SD is the Disturbance range-of-scale component,
SR is the Residual range-of-scale component,
SL is the Long-wave range-of-scale component,
SV is the Planetary Vortex.

By definition, SR = 3L + sV .

The concepts of scale=and-pattern Spectra and decomposition have
many applications to environmental studies, analyses and forecasts: these
concepts have been used in this project.

-10-
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3.2 The Available Data Base of Syncpotic Analyses

The available archived records consist of six compenent fields for
the whole of the Northern Hemisphere for each date-time group. These
are the three component-range-of-scale (SV, SL and SD) fields for the
S00-mb and 1000-mb height fields. An additional three thickness fields,
one for each scale component, are procduced from the S00-mb and 1000-mb
isobaric fields as differences. Each of these nine fields is expressed by
a 63x63 array of grid-point values. (Part of this array is shown in Fig. 4,
page 15.) The 30 years of available history of once daily and twice daily

coverage is summarized as follows:

JAN 1946 - MAR 1355 once daily (122)
APR 1955 - MAR 1960 twice daily (00Z and 122)
APR 1960 - DEC 1964 once daily (122)

JAN 1965 - DEC 1975 twice daily (002 and 122)

Matching the date-time groups of the recorded upper-air soundings
(Section 2.2) with those of the archived fields produced the 4320 cases

(Section 2.4) for which both S and D values and analyses were available.

ollw




4. THE RAPID ANALOGUE SELECTION SYSTEM

§.1 Introducticn

In June 1976 MII was awarded Contract No. N00228-76=-C=-3189 o
continue with the development of a Rapid Analogue Selection 3ystem (RASS)
on behalf of NEPRF. This development is the subject of a separate report [3)
and so only a brief outline of the pertinent features will be presented here,
together with those modifications made to RASS for application to Task 3 of

this project.

4.2 Basic Concepts of RASS

Analoqué selection is based on an ability to recognize significant
degrees of similarity between an event selected from recorded metecrological
history and all the other recorded events. The selected event is referred to
as the "baseday". (For forecasting purposes the baseday is, of course, the
current synoptic pattern. However any synoptic pattermn from the recorded

history may be chosen as baseday.]

Having chosen the baseday, a comparison is then made, one at a
time, with all other recorded syncptic events and a score assigned to each
"analogue candidate". Those events similar (in metecrologically-significant
pattern characteristics) to the baseday achieve a higher score than events
which are dissimilar. Thus the score, or "match coefficient", is a measure
of the degrae of similarity. Those analogue candidates reaching an acceptable

level of similarity are recognized as "analogues" of the baseday.

The MII Rapid Analogue Selection System is based on a bit coding

of all recorded synoptic events expressed (n terms of their nine component




fleldsl,--the 3 ranges-of-scale (SV, SL, SD) for the 500-mb and 1000-mb
levels, and the 500-1000-mb thickness for each range-of-scale. The bit
coding methodology developed takes into account the variations in
resolution required by the three different scales of atmospheric disturbance.
Each synoptic event is represented by a bit string and, by comparing the

bit string for a baseday with that for any analogue candidate, a count of
the number of matching bits provides an absolute measure of the degree of

similarity between the two synoptic events. The comparison is made in

stages and an analogue candidate which fails to maintain a predetermined
rate of scoring i{s automatically rejected at that stage. This screening
process markedly reduces the time required to search the 30 years of
available history for the top-scoring analogues. [n addition weight factors
can be applied to the actual score at each stage. These weights can be
adjusted (tuned) to emphasize any desired feature or combination of features
(l.e., range-of-scale, level, thickness, resolution) of the synoptic situations

being compared.

Analogge selection based on the total hemisphere can only be useful
in the broadest terms because of the great variability in synoptic patterns

occurring simultaneously over the hemisphere. Experience has shown that,

on the synoptic scale, the range of variabilities is so great that the available
data base of metecrological history (30 years) is insufficient 0 provide
analogues unless the selection criteria are made sc coarse that synoptic-scale
disturbances play little part in determining analogue selection. To chocse
analogues for synoptic-scale disturbances the analogue selection system

must have the ability to "focus" on a specified region, making no attempt to
match irrelevant external events. This capability is a feature of RASS and has

,ISee Sections 3.1 and 3.2.

-]l3=




Deen tested and evaluated by application to the Greater Mediterranean

region [3].

The regional focus capability of RASS is accomplished by dividing
the 63x63 elements of the hemispheric array into modules. Thus, for
example, to represent the SD range-of-scale at full res:.>1uticn,2 the
hemispheric array {s divided into non-overlapping modules of 4x4 elements.
To represent the SL range-of-scale modules of 8x8 are used, and the SV
range-of-scale utilizes modules of 12x12. To focus on a geographical
region the appropriate SD, SL and SV modules covering that region are

chosen. (Note that modules from different ranges-of-scale do overlap,

thus providing SD, SL and SV coverage for the region.)

4.3 Construction of the RASS Data Base for Zones 1-5

To cover the area of interest (Zones 1-5 as shown on Fig. 1) only
one module for each of the three ranges-of-scale was required. The selected
modules are shown in Fig. 4, together with the approximate locations of the

radar picket ships.

During the course of RASS development the available 30-year history
of synoptic analyses for the Northern Hemisphere was converted to the
bit-string representation outlined in Section 4.2. This RASS data base was
used to construct a data subset covering the period October 1956-June 1365
for the three modules shown on Fig. 4. This data subset was, of course,
in the RASS bit-string format.

2RASS allows three degrees of resolution for each of the three
ranges-of-scale, this being accomplished by combining basic full-resolution
modules.

“lq=
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Once this data subset had been constructed, the capability then
existed, using RASS, to compare and score any two synoptic patterns

affecting Zones l-5. Assessing the effectiveness of this capability, a

necessary prarequisite o its use in linking synoptic pattemns and refractive

conditions, is described in Section 4.4.

g 4.4 Assessment of the RASS Capability to Compare and Score Synoptic i

ttern

Previous experience with RASS has been confined to analogue selection

based on comparatively large rec;iox'xs3 requiring several modules for the
adequate representaticn of the various scales of atmospheric disturbance.
As can be seen frcm Fig. 4, only one mcdule for each range-of-scale is
required to cover the area of interest and its was decided therefore, before
proceeding further, to test and assess the effectiveness of RASS when using

the very small region of focus demanded by this project.

When matching the nine compcnent fields of a chosen baseday
situation against the corresponding nine component fields of an analogue
candidate, in general the smaller the scale of atmospheric disturbances
represented by a particular component field the more "difficult" it is to find
a good match. The reason for this, of course, is that for a fixed area, the
range of variabilities that can be encompassed by the area depends inversely
on the characteristic wavelength of the atmospheric disturbances involved.
Thus the most difficult test of the effectiveness of any analogue selection

system is to base it on the 1000-mb SD scale of atmospheric disturbance. 1

As explained in Section 4.2, RASS scoring and ranking is based on a

count of the matching bits between the bit string representing the baseday

3The smallest region of focus studied in any detail prior to this
project is the Greater Mediterranean [3].




situation and the bit string representing the analcgue candidate. This count
provides an absolute measure of the degree of pattern similarity between the
two situations. [n general it is more convenient to use the "match coefficient"
é which expresses the number of matching bits as a fraction of the total number
Of bits used to represent each situation. Thus a match ccefficient of 1.00

implies a "perfect" match.

Figure 5 shows part cf the full hemispheric analysis of the SDIOOO
field for 122 on 6 September 1960. The region of focus used in analogue
selection {s outlined, corresponding to the single SD mcdule shown on

Fig. 4. Using this analysis as baseday and basing the scores of analogue

candidates entirely on the degree of SD pattern similarity within this single
module, the RASS data ba;e of synoptic situaticns was searched for the best
match. This was found to be the 00Z analysis of 5 August 1358, shown in
Fig. 6, with a match coefficient of 0.35. Other selections were made with
match coefficients of 0.92 and 0.87; these are shown in Figs. 7 and 8
respectively. Note the (visual) dependence of pattern similarity on the match
coefficient and the effectiveness of the focusing capability--no attempt is
made by the system to match patterns outside the selected area. Figure 9
shows an analysis with a match coefficient of 0.60, this chart being selected
to demonstrate the effect of a "poor" match. Although pressure remains
relatively high to the north, note the effect on the orientation of pressure
gradient. A match coefficient tending toward zero would, of course, show

relatively high pressure to the scuth.

[t is concluded that RASS, as modified for this particular project, is an
extremely effective tool for selecting matching patterns on even the SD scale

of atmospheric disturbance. How this capability was utilized and linked to

the data base of refractive conditions is described in Section 5.
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Figure S. SDjggg Analysis for 12Z 6 September 1960.
Baseday used for analogue selection (match coefficient = 1.00). R '
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SD1000 Analysis for 00Z 1 Aug
Match coefficient 0.87 with Fi
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Figure 9. SDjggp Analysis for 12Z 15 June 1960.
Match coefficient 0,60 with Fig. 5 as baseday.

a2l




S THE DEPENDENCE OF REFRACTIVE STRUCTURE ON THE PREVAILING
SYNOPTIC SITUATION

Sl Introduction

By this stage in the performance of the overall project we had:

a. Prepared a data base of refractive conditions in the form of

S and D parameters;

b. Modified the Rapid Analogue Selection System to use the

appropriate region of focus;

c. Prepared a data base of synoptic situations in the RASS bit~

coded format for the region of focus;

d. Demonstrated the ability of RASS to select from the data base
those synoptic patterns most closely resembling those of a

chosen baseday.

Given these preparations it then became possible to investigate

whether or not a significant relationship exists between a particular type

of synoptic situation and the associated refractive structure.

For reference purposes it is convenient to postulate an idealized

approach, thus:

a. Select a particular refractive structure--for example, an 1

unusually high value of D;

b. Using the concurrent synoptic situation as baseday, utilize
the regionalized capabilities of RASS to score and rank the

other situations in the data base;

c. Compare the refractive structures of the analogue candidates
with the refractive structure of the baseday to determine

significant facets of similarity. (Thus, for example, if the

«dFus




refractive profiles associated with the higher-scoring situations
were to exhibit values of the D parameter which, like the
baseday, also were unusually high, then the baseday synoptic
situation would define a "synoptic type", the occurrence of

which could be associated with a high probability of trapping.)

The difficulty in this approach became apparent when attempts were
made to select basedays having pronounced trapping on the scale of the
available synoptic patterns. Inspection of Figs. 2 and 3 shows that the
variability of the refractive conditions is of a smaller scale in space and
time. It became inevitable that the above ideal approach would have to

give way toc more-statistical treatments.

S.2 Synoptic Types and Refractive Structure

Representing a synoptic situation by the gridded fields of three basic
parameters--the 1000-mb height, S00-mb height and 500-1000-mb thickness--
conceals, of course,; much of the variability associated with that particular
state-of-the-atmosphere. Nevertheless it is generally accepted that such a
representation enables a synoptic situation to be meaningfully defined for
the purposes of meteorological forecasting. RASS uses the component fields
(SV, SL, SD) of each of these three basic parameters to represent the
synoptic situation in a bit-coded format. The bit code is produced by
considering certain ranges of values of the component fields, and, in this
process, some of the variability present in the field of the basic parameters

is also lost.

However, in spite of this loss of represented variability in passing
from an actual synoptic situation to its full-resolution bit-coded format,
no two synoptic situations have ever been found which have a matching

coefficient close to 1.0 for all nine component fields. Thus based on

=24
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evidence to date, ALL synoptic situations are unique, even after part of
the atmospheric variability has been discarded by the processes described

above.

A "synoptic type" may be regarded as a synoptic situation which,
within acceptable limits of similarity, occurs with some regularity. In
the past, synoptic types have been determined gualitatively by visual
inspection of large numbers of synoptic charts with the objective of
discovering, for example, synoptic patterns which regularly affect an
area of interest and which can be associated with a particular type of
weather ;Jhemomena.1 (In effect, of course, the attempt to establish
synoptic types is an analogue approach to weather forecasting.) Usually
the selection of synoptic types is based on one level in the atmosphere,
sea-level pressure being the most common choice, although some
classifications attempt to take a broad-brush account of an upper-level
flow such as that at SOOmb. Weather typing methodologies of a
descriptive/qualitative nature suffer from a major defect--they have to
be so broadscale that they fail to encompass the meteorologically

significant facets of the situation.

It has long been known that ducting is more likely to occur in certain
broadscale synoptic situations than in others. For example, ducting is
frequently associated with a subsidence inversion in a warm high-pressure
area, and an example of this situation is the Pacific anticyclone that normally

covers the oceanic region shown in Fig. 1.

Although trade inversion characteristics vary greatly in space and

time [5]. in general the atmospheric circulation is such that the subsidence

lA good example of weather typing is provided by Weather in the
Mediterranean [4].
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ellects are most mar<ec in the eastern region cf the anticvelone, progucing

£ = 14 1 -An s enn Ly ' ' P
a8 Strong inversion tnat usually lies at about 300 %0 1500m above sea leve! 78

i 0. 11 3 12 . ilad el s -3 . § .
Figures 10, 11 and 12 are taken from a detailed STUCy O the inversion over
> S ygh . e T, %y e = T

the eastem North Pacific Ocean by svelourger et al. (/. rigure 1O, the

average height of the inversicn base during summer mcnths, shows that th
neight in general increases :owarc the north and 0 the wes:. Figure 11
shows a cross-secticn ¢f mean temperature Serween 3an Francisco and
Honclulu; note the decrease of inversion intensitv and the increase ¢f
inversion height toward the west. TFigure 12 shows the percentage of
Observations (available tc Neiburger) with nc inversions during the months

June-September.

The great variability in space ancd :ime of inversion characteristics
(and the concomitant variability of ducting occurrences) takes place within
the framewcrk of the synoptic type that affects most of the region of interest
for most of the time=--i.e., the Pacific anticyclone. As an example of the
variability of the D parameter than can occur within apparently similar
synoptic situations, Figs. 13 through 16 show the 1000-mb and 500-mb
charts for 12Z 26 JAN 65 and 00Z 27 JAN 65. Shown on these chars are the
locations and values of the D parameters obtained concurrently with these
charts. In all cases the picket ships are located near the center of an
anticyclone at 1000-mb under 2 500-mb ridge. Note that the more southerly
D value has changed from =0.46 to +0.43 in 12 hours (i.e., from weak
super-refraction to moderate ducting) while the charts for 00Z 27 JAN 65
show +0.43 for the southerly ship and -0.83 for the ship about 250 miles
to the north. Similar variabilities were found within other situations and
sequences. No reasons based on visually-determined differences between
these charts can be established and supported for explaining the observed

variations of the D parameter.
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Also shown are

locations and values of the D parameter derived from concurrent

radiosonde reports.

-30-

1000-mb Analysis for 12Z 26 January 1965,
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Figure 14. 500-mb Analysis for 12Z 26 January 1965. Also shown are
locations and values of the D parameter derived from concurrent

radiosonde reports.
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Figure 15. 1000-mb Analysis for 00Z 27 January 1965. Also shown are
locations and values of the D parameter derived from concurrent
radiosonde reports.
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Figure 16. S500-mb Analysis for 00Z 27 January 1965. Also shown are
locations and values of the D parameter derived from concurrent
radiosonde reports.
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At full resolution, RASS identifies every synoptic situation as
unique. It does, however, provide a numerical measure (the matching
coefficient) of the degree of Pattern similarity between any two synoptic
situations. Two methods (or a combination of both) can be usad o orovicde

guantitatively-selected synoptic tvres:

a. Using full resolution and a chosen baseday, score all other
situations in the data base. Those analogue candidates with
3 matching coefficient exceeding a given value then define a
synoptic type distributed around the baseday situation. If

the baseday is an unusual situation then only a small number

g

of acceptable analogues will he found; if the baseday is a
common situation then a larger number of acceptable analogues

will be found.

B. A similar procedure may be followed using the reduced resolution
capabilities of RASS. In this case the matching coefficient

would be high for (slightly) dissimilar pattems.

In this project only method a. was used; it is not known whether or
not the two procedures would result in essentially the same set of acceptable

analogues.

t will be noted that every baseday defines a synoptic type, RASS
determining the number of situations from the total data base which fall
within the specified limits of pattermn similarity determined by the chosen
acceptance/rejection level of the matching coefiicient. To detect the most
frequently occurring types would involve matching every situation against
every other situation. For the 4320 situations in the RASS data base
associated with this project, about 9.3 x 106 matching calculations would

be required--this has not been attempted.
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Referring ncw to the idealized approach postulated in Section 5.1,
the establishment of a synoptic type associated with ducting was attempted.
The first baseday chosen was 12Z, 5 September 1960 /see Section 4.4) with
a D value of +1.277 in Zone !; the date and D value ars marked with an
arrew on Fig. 2. This baseday was comgzared with all other synoptic
situations in eight years of the data base (January 1358 tc December 19653)
using the regicnalized capabilities of RASS applied to the 3D, SL and SV
modules shown in Fig., 4. A sample of the results is given in Figs. 17 and
18.

Figure 17 shows, for 1958, the match coefficients for sach of the
nine component fields. A TOTAL match coefficient is also given, this being
derived from all nine component fields using weighting factors of unity
throughout--i.e., each component field contributes equally towards the
final score, no emphasis being placed on any par:icv;xlar synoptic feature
or combination of features (see Secticn 4.2). Figure 18 shows a similar
sequence for 1960. For this sample of two years, two analyses per day
were available for the first 15 months, then one per day for the remaining
9 months (see Secticn 3.2); the reduction in the frequency of analyses is
evident on Fig. 18. The "perfect match" on Fig. 18 results from the baseday
being matched against itself. Note that "good" matches occur less frequently
the smaller the scale of atmospheric disturbance. This is further illustrated
by Table 2 which shows, for each component field and for the total field, the
date~-time group and matching coefficient of the relevant tcp ten analogues.
The analogues for the SD scale of atmospheric disturbance were obtained by
matching the SD fields only (as in Section 4.4), the SL scale analogues were
obtained by matching the SL field only, and so on.

Following the idealized approach, the next stage in determining if
the baseday type is associated with high D values is to compare the top

analogues given in Table 2 with the data base of 3 and D parameters;
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Figure 17. Match Coefficients for the Nine Component Fields and the
Total Field for 1958 using 12Z 6 September 1960 as Baseday.
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1960

Match Coefficients for the Nine Component Fields and the
Total Field for 1960 using 12Z 6 September 1960 as Baseday.
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sv500

60090612
60090512
59090812
60090712
65090100
60061512
58090100
$9090800
58090300
61090812
SLs oo
60090612
65072000
59082212
58082712
64072212
$9082200
58082800
65081400
63071212
0070812

SDs 00

60090612
63072812
59071300
60062512
65071400
59101512
65110212
64061412
65071500
58100600

1.00
0.98
0.398
0.97
0.97
0.97
0.397
0.97
0.95
0,98

.00
.98
«948
+98
.98
.98
.98
w37
W37
w37

OO OO0 0O0OO O r

1.00
0.95
0.90
0.90
0.90
0.88
0.88
0.88
0.88
0.88

Table 2

The top ten analogues for 122 6 September 1960 for
each compcenent field and the total field.
selection the date-tim

Tor each

group is given first (vear-
menth-day-hour) followed by the matching ccefficient.

V1000
§0090612 1.00
65050500 1.00
58082900 0.238
58082912 0.98
§2091912 0.98
59092612 0.98
65090212 0.98
5090200 0.98
60090512 0.38
60091312 0.98

SLy 000
60090612 1.00
61091712 0.97
63101812 0.9
$9071512 0.93
62082112 0.93
65070112 0.93
63071712 0.93
65061912 0.92
§0072312 0.92
53082212 0.92

SD1500
60090612 1.00
58080500 0.95
59092400 0.93
60031800 0.92
53080412 0.92
$3080512 0.32
62060612 0.92
62122412 0.92
59120400 0.0
59090100 0.90
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Vs-10
60090612 1.00
58090300 1,00
53090200 1.00
58083000 1.00
60090412 1.00
59091100 1.00
§4090912 1,00
52090612 1.00
60090512 1.00
58090312 1.00

Sbs-19
60090612 1.00
60060712 0.37
62070312 0.35
§0080212  0.95
65071212 0.95
§0082712 0.95
60082412 0.93
64080212 0.33
54073112 0.93
52082312 0.93

SDs-10
60090612 1.00
53040212 0.30
53071600 0.88
64083012 0.38
59030112 0.88
63080212 0.88
53072800 0.87
60081312 0.87
59041100 0.87
59062412 0.87
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Table 2 (Continued)

Total Field

60090612
58090212
60090712
60090512
65082300
62082112
58090300
60082012
58090112
60081912

1.00
0.90
0.88
0.87
0.87
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a sample of this data base is provided by Figs. 2 and 3. An immediate
conclusion is that the sparseness of the data in space and time, accentuated
by the naturally occurring high degree of variability of ducting conditions in

2
space and time, is such as to make this direct approach” ineffactive.

Accordingly a statistical approach was adopted making use of
scattergrams. Figure 19 shows, for the same baseday situation (12Z,
6 September 1360), a plot of match coefficient against D-parameter for the
three 1000-mb component fields. Figures 20 and 21 show the 500-mb and
5-10 thickness component fields respectively. To construct each scattergram
the baseday situation was matched against every synoptic situation in the
data base; all concurrent values of D were then plotted an the scattergram

against the obtained value of match coefficient.

The location of this particular baseday on the scattergram is given,
of course, by the coordinates D = 1.277, match coefficient = 1.00. i
this were a commonly occurring type-~i.e., a synoptic tyre associated with
a high value of D--then there would be a concentration of plotted points
around the baseday location. In fact the degree of pattern similarity for any
of the nine component fields appears o0 bear no relationship to the value of

the D parameter.

If the baseday situation were an unusaul event (a possibility given
credence by the tropical storm seen to the south on Fig. 5, and by the
reasonable supposition that any high value of D is a rare event) then the
failure to identify the selected baseday as a type associated with trapping

would be explained. To cover this possibility similar scattergrams were

2Alt:hcn.xgl'x the technique could not be applied in this particular project
due to data base limitations, it nevertheless is a valuable tool having
applicability to other investigations requiring the establishment of synoptic
types.
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prepared for 12Z 9 August 1960 with @ D value in Zone ! of 0.125. These
are shown in Figs. 22-24. Again, no concentration of plotted points occurs
around the baseday location of D = 0.125, match coefficient = 1,00, ‘or
any of the component fields., Saeveral other repetitions with other basedays

gave similar results.

9.3 Discussicn of Results

As previously discussed (Section 5.2) certain broadscale synoptic
situations are more likely to be associated with trapping than other
situations--the eastern side of the Pacific anticyclone being a broadscale
situation asscciatad with a tendency toward trapring. For such situations
certain qualitative relationships have been established, leading to forecasting
“rules of thumb" such as "trapping should be expected when there are clear

skies, little wind and high barometric conditions".

In a broadscale synoptic situation in which trapping occurs with some
regularity, it seems reasonable to assume that one or more synoptic sub-types
exist, falling within the broadscale typing, which are associated with a
stronger tendency toward trapping than the mean. In the performance of this
project it was hoped that RASS would enable these sub-tvpes to be found
and quantitatively associated with trapping grobabilities. As demonstrated
in Section 4.4, RASS undoubtedly has the ability to select similar patterns
from the data base on even the SD range-of-scale. However, based on the
results presented in Section 5.2, it must be concluded that no such syneptic
sub-types have been established., It is considered that the space and time
resolution capabilities required to capture and represent the naturally
occurring variabilities of refractive structure on even the synoptic scale are
not provided by either the data base of synoptic analysas (one or two analyses
per day) or, more importantly, by the data base of refractive profiles (in

general, one or two profiles per day for the area shown on Fig. 1).
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Figure 22.
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Figure 23.
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The requirements of Task 3 of this project are essentially concerned

with the development of a capability to assess rafractive structures from

SYNOPUIC patterns in probabilistic terms. It is considered that, with the

demonstratad effactiveness of RASS apolied to the re

gion of interest and with
the development of *he various statistical technigues
such a capability has been established and is available for future use.
However the data bases available at this time have not allcwed a successful

demonstration of the effectiveness of this capability. An alternative approach

to the problem of relating refractive structure to the concurrent synoptic

situation is presented in Section 6.
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8. THE DEPENDENCE OF REFRACTIVE STRUCTURE ON CONCURRENT
SYNCPTIC PARAMETERS
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Task 3 of this project was concemed with the development of th

capability to assess raefractive structure from synoptic patterns. However,
although it is considered such a capability has teen established, data base
limitations have prevented its verificaticn. These limitations are, in
essence, that the data bases are only "samplings" of refractive structure
and the concurrent synoptic situation, and that these samplings are too
widely separated in space and time 0 allow any relationship between th
two data bases %o be established on aven a statistical basis. The fact that
ducting does indeed depend on the brocadscale synoptic situation may be
illustrated by comparing the percentage frequency of occurrence of total
tropospheric ducting in the various zones delineated on Fig. l=-=see

Table 3.

Note the increase in percentage frequency of cccurrence of ductin

in more southerly latitudes; this increase is related, of course, 0 th

-

subsidence inversion which is a feature of the Pacific anticvcione.

el



Table 3

Compariscon of the percentage frequency of total

tropospheric ducting (i.e., D Z 0) for the 5 Zones

= 1

shown on Fig. 1, Zones 1-3, Zones 3-3, and all
Zones ccmbined

Number of Number of Percentage Frequency
Observations Observations of Occurrence
in Zone with D20 of DE20O

964 390 61

1508 627 42
1383 376 27
2050 380 19
1017 129 13
3855 1593 41
4450 885 20
6922 2102 30

-50-
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[t can alsc be shown that the probability of ducting has cersistence
in the synoptic time frame. For example Table 4, based on Table 56 of
Ref. [ 1], provides the following infermation:

bl

Table 4

The 24-hourly persistence of ducting and
non-ducting conditions (based on 122
Observations only) for Zones 1-5, July-September

Initial conditions non-ducting: 24 hours later ., . . 64” non-ducting
% ducting

(’)

Initial conditions ducting: 24 hours later . . .

(Note that Table 4 dces not imply, for example, that 65% of ducts persisted

for 24 hours.)

The fact that such probabilistic tendencies in space and time cannot

be interpreted In terms of synoptic sub-types is considered o be due o

data base limitations. However, as evidenced by Tables 3 and 4, synoptic-
scale space and time tendencies undoubtedly exist. [n order to datermine
the probabilistic relationships required by Task 3 of this project, relationships

-

Detween refractive structure and the concurrent svnoptic parameters (see

Section 6.2) have been studied; the results of the study ire given in Section 4.3,
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vhich occurred at the same point in space and time, thus

i 1
Profile Parameters Synootic Parameters

SV height, 500mb and 1000mb
SL height, S00mb and 1000mb
SD height, 500mb and 1000mb
Wind speed, 500mb
Wwind speed, 1000mb

[97]

Wind direction, 500mb

wind directien, 1000mb

Values of § and D for a given profile were available from the data
base of refractive conditions. Values of the synoptic parameters, interpolated

to the reported location of the observing ship for that particular profile, were

extracted from the FNWC 63x63 archived fields.

The relationships between the synoptic parameters and those representing
the refractive profiles were investigated using statistical techniques:; the
results are given in Section 6.3. It should be noted that only about 3% of the
orofiles available showed surface trapping=-an unrealistically low figure almost

certainly due tc the failure of conventional radiosondes to detect the majority

1 : ) - -
Many other synoptic parameters could influence the values of 3 and
. Those listed here were used {0 establish methods and te

9]




of surface and low-level ducts. Therefore, in general, the statistics

associated with the S parameter are considered to be non-representative

and are not shown.

8.3 Resuits

6.3.1 The Dependence of Parameter D on Contour Height

Figures 25 through 302 show scattergrams for the D parameter against
contour height of the SD, SL and SV ranges-of-scale for 1000mb and 500mb.
Plotted points are for all profiles in the data base for which synoptic analyses

were available; i.e., all zones, all months.

Using Fig. 25 as an example, height values are shown along the
abscissa and D values along the ordinate. The height is expressed in terms
of an anomaly from a standard height, this anomaly being measured in meters.
Both height and D values are divided into ranges by dotted lines. Thus., for
example, there were 43 observations with height anomalies of =120 to =060
meters with D values between -1.25 and -1.00. As well as height ancmaly
values, the abscissa shows, for each height range, the total number of
Observations in that range together with the number in which trapping occurred
(t.e., D 20). Thus, for the height ancmaly range 000 to +060 meters, thera
were 903 occurrences of trapping out of a total population of 3016. The
(truncated) percentage frequency of occurrence of trapping is also shcwn=--in
this case 29% (Each scattergram shows about 4320 plots of profile
parameter:synoptic parameter, the exact number varying slightly with the

availability of archived fields.)

2 S 3
All figures are given at the end of Section 5.3,




Apart from the synoptic parameter represented along the abscissa,

all scattergrams in Section 6 are similar in concept to Fig. 25.

As will be demonstrated, the scattergrams oresented contal
information. This will be pointed out in association with the scattergram
which is most apposite, not necessarily the first scattergram o reveal such

information.

Figures 25 through 30 contain all available data and thus the percentage
frequency of occurrence of trapping should be about 30% (see Table 3).
Figure 25 shows that the SD1000 height has little effect on trapoing frequency
unless the anomaly is less than about -060 meters (abeut 1.7% of the cases),
in which case the trapping probability is zero (based on available data).

Figure 26 shows a similar result for the SD height. In this case however,
g

500
anomalies of -060 meters or less occurred on 7.8% of the cccasions, with a

trapping probability of only 6%.

Figure 27 shows the scattergram for the SI‘IOOO neight anomaly. Note
in this case the marked tendency for the trapring probability to increase with
SL1000 height. This effect is particularly pronounced on Fig. 28=<the

scattergram of D: °L500 ‘




Figure 28 may be used to illustrate the probability distribution of
D values within height ancmaly ranges. Table 5 shows this distribution,3

Obtained by normalizing the data within each height anomaly range to 100%.

Figure 28 and Table 5 show there is a positive corralation between

the value of D (and hence trapping probabpility) and the SL_ height.
500

Figures 29 and 30 show similar scattergrams for the SVIOOO and

SVSOO height anomaly fields respectively. Note the very marked effect

(Fig. 30) of high SVSOO values on the probability of trapping. However,

because the SV field is always very zonal, a similar distribution would

500
be obtained if a scattergram of D:latitude were to be plotted. To determine

whether or not the probability of trapping increases with SVSOO neight

independently of latitude requires a sufficiently large data sample obtained

The effect of the use of a scaling height, H,, to form a continuous
measure of refractive conditions (see Section 2.3) is apparent on all
scattergrams giving, in general, the following type of distribution:

Number of
observations
associated with
values of D

Tgie=
-ve D=0 e Value of D

The points A and B could be made coincident (thus giving a more
conventional appearance to the distribution) by re-calculating S and D values
(positive values only) using a smaller value of H,. However, since the main
interest lies in determining whether or not trapoing exists (i.e., D positive
Or negative) and this determination is not affected by H_, positive § and D
values have not been re-assessed. This should be borne in mind when
studying the scattergrams and derived tables such as Table 3.




Table 5

The percentage frequency of occurrence distribution

of the D parameter within selected ranges
of the SLggp height anomaly

Range of Range ofSLsoo Height Ancmaly
Parameter D | _130 to0 =120 to =060 to 000 to +060 to +120 to +180 to +240

+1.75

to Q.2
+1.50

to 0.2 0.4 0.4
+1.28

to o M 0.9 Ix2 0.2 1.8
+1.,00

to 0.1 F O § 2.8 3.1 7.4
+0.78

to 0.8 2«8 St 5.4 1.2
+0.50

to 0.4 2.4 8.0 10.4 1843 18.0
+0.25

to S 9.5 14.9 17.6 19.2 24,1
0,00 |= == m e e e e e - -

to Tat 4.5 S/ 8.8 10.1 9.6 16.7
~0.25

to tat 6.3 9.7 3.0 12,7 12.9 9.6
-0.50

to ——— 10.5 16.7 138 14.5 16.6 10.8
-0.75

to 26.9 28,2 25.9 19.6 i9.9 12.6 14.5
-1.00

to e 45.0 28.8 13wl 8.6 8.7 ld
-1.25




at a fixed location--such as a weather ship. The observations in Zene 1
almost fulfill this requirement as can be seen from the gecgraphical distribution
of observation shoewn in Fig. 1. Figures 31 and 32 show, ‘or Zone 1, the

dependence of D on the SVIOOO height ancmaly and the SV height anomaly

500
respectively. There is clearly a positive correlation between :he value of D
and these two syncptic parameters which is independent of latitude. Note
also the bimodal distribution cn Fig. 32, preferred ranges of the SV height

500
anomaly being +080 to +160 meters, and +240 to +320 meters. This is a

seasonal effect, also apparent on Fig. 17,

Figures 33 through 36 provide a comparison between the two extreme
zones--Zone 1 and Zone 5--on the SL range-of-scale. TFigure 33 shows a
small decrease of trapping probability with increasing height in Zone 1.
However, with the population being unevenly separated into only 3 ranges -
of SL helght, this result is probably not statistically significant. Figures
34-36 show an increase in trapping probability with increasing SL height,
the effect being more pronounced in Zone ! than Zone 5, and more pronounced
at 500mb than at 1000mb.

6.3.2 The Dependence of Parameter D on Wind Sveed and Direction

Flgures 37 through 40 show D:wind speed in knots at 1000mb and

S00mb for Zones 1-3 and for Zones 3-5. The general trend is shown by the

percentage frequencies of occurrence along the abscissa--as winds become 4.
lighter, the probability of trapping increases, the effect being mors pronounced
at the 500-mb level than at the 1000-mb level, and more proncunced in Zone 1

than Zone §.

The final four scattergrams, Figs. 41 through 45, show D:wind
direction in degrees at 1000mb and 500mb for Zone 1 and for Zone 5. There
are clearly wind directions which are associated with higher trapping

probabilities than are other directions, the effect once again being more




pronounced at the 500-mb level <han at the 1000-mb level, and moere

pronounced in Zone 1 than Zone 5.

From Fig. 42 it is interesting to note that the 500-mb wind blows fr
an< D A : A i \ vat .
0807 -270" (through south) for 83% of the observations with an associated

trapping probability of 53%, whereas the 500-mb wind blows ‘rom 270°-090°

(through north) for only 17% of the observations yet has an associated trapping
orobability of 76%.

)
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6.4 Discussion of Results

a2

The scattergrams and derived statistics presented in Section 6.

o

clearly indicate that a correlation exists between refractive structure and
the prevailing values of synoptic parameters. Scattergrams of the type
shown may be used to determine not only the probability of trapping to be
associated with a selected synoptic parameter, but also the probability of
occurrence of any desired range of the intensity of refraction. The
probability of occurrence of a selected range of D may be determined In
relation to a chosen synoptic parameter by using the numbers of occurrences

. 4
printed on the appropriate scattergram.

It should be noted that the scattergrams given {n Section 6.3
represent only a selection of the large number prepared during the course
of this investigation. The results shown were chosen to demonstrate that
refractive structure does indeed depend on the synoptic situation (as
represented by values of synoptic parameters) and that the dependency is
capable of statistical representation. Of course, the relationships
demonstrated are not independent relationships--for example, low wind
speeds are often associated with anticyclonic conditions reflecting, in

turn, high values of SL height. Thus, for Zone 1, although a SL height

500
anomaly of +120 = +180 meters is associated with a trapping probability of
75% (Fig. 34), a 500-mb wind speed of 0 = 15 knots is associated with a
trapping probability of 58% (Fig. 38),° and a 500-mb wind direction of

270° = 3157 is associated with a trapping probability of 85% (Fig. 42), these

4 s 3
For operational use these probabilities could be presented in the

form of histograms or tables such as Table §.

2
“Figure 38 shows the wind speed relationship for Zones 1-3.




probabilities cannot be used to determine the probability of trapping if all

three conditions are satisfied simultaneously.

Statistical techniques could be applied tc determine the amount of
covariance explained by each synoptic parameter. In this respect it is
likely that synoptic parameters associated with atmospheric levels nearer
to the mean trapping height would show a stronger relationship~-the 850-mb
level for example. The stronger correlations found in Zone 1 compared with
more northerly zones reflect, of course, the greater space and time
variability of synoptic conditions associated with increasing latitudes;
it is likely that more covariance would be explained in terms of small-scale

disturbances in the higher latitudes.




e CONCLUSIONS AND RECOMMENDATIONS

Section & establishes that the refractive structure at a civen point is
relatad to the values of concurrent SYnoptic parameters at the same location.
Section 5 indicates that, within the limitations of the refractive data base
and the resolution capabilities of the analysis techniques, there is no marked
relationship between refractive structure and the prevailing synoptic-scale
pattern. However the synoptic pattern(s) representing a synoptic situation
are essentially isopleths (or gridded fields) of the same synoptic parameters;
it must be concliuded that the sPace and time variability of refractive structure
is too great to be captured within the imposed limitations. It is possible
that a long time-series of refractive profiles and concurrent analyses at,
say, 6-hourly intervals would allow a relationship to be established.
However, it would seem that the best approach at this stage would be to
investigate more thoroughly the relationships between refractive structure
and synoptic parameters, applving statistical techniques to radiosonde
Observations. Such an investigation should utilize the full range of synoptic
Parameters observed and reported by the radiosonde ascent--not the values
derived from analyzed fields. In this way, for example, all reporied levels
and their associated synoptic parameters could be considered with regard to
their contribution toward determining the refractive structure which existed
at the time the ascent was made. Having determined the most significant
Synoptic parameters, quantitative estimates in probabilistic terms could de
made for the refractive structure at a location given the actual (or forecast)

values of these parameters.
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